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Exercise training improves erectile dysfunction
(ED) in patients with metabolic syndrome
on phosphodiesterase-5 (PDE-5) inhibitors
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nei pazienti con sindrome metabolica in terapia con inibitori
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ABSTRACT: Exercise training improves erectile dysfunction (ED) in patients with metabolic syndrome on phosphodiesterase-5 (PDE-5) inhibitors. L. Maresca, M. D’Agostino,
L. Castaldo, A. Vitelli, M. Mancini, G. Torella, R. Lucci,
G. Albano, D. Del Forno, M. Ferro, V. Altieri, F. Giallauria,
C. Vigorito.
Introduction. Erectile dysfunction (ED) affects about
50% of males aged 40-70 years old. ED shares with atherosclerotic disease several common risk factors; therefore, it
may be considered a surrogate marker of atherosclerosis.
Sincephosphodiesterase-5 inhibitors are well known pharmacologic agents capable of significant improvement in ED,
we designed this study to evaluate whether exercise training
is of added value in patients with ED who are already on
PDE-5 inhibitors.
Methods. We recruited 20 male patients affected by ED
with metabolic syndrome.At baseline, all patients underwent Cardio-Pulmonary Exercise Testing (CPET) and the
International Index of Erectile Function (IIEF) test.After
the initial evaluation, patients were subdivided into two
groups: tadalafil group (group T, n=10), who were maintained only on tadalafil therapy, and a tadalafil/exercise

training group (T/E group, n=10)who continued tadalafil
but in addition underwent a2-month structured exercise
training program.
Results. Basal anthropometric characteristics of study
population showed no significant differences. Although bothgroups showed at 2 months an improvement of the IIEF
score, thiswas more evident in the T/E group (T group: 11.2
vs 14.2, P=0.02; T/E group: 10.8 vs 20.1, P<0.001). There was
an improvement of oxygen consumption at peak exercise
(VO2peak) only in the T/E group patients (T group:
13.63±2.03 vs 14.24±2.98 mL/kg/min; P=0.521; T/E group:
13.41±2.97 vs 16.58±3.17 mL/kg/min; P=0.006). A significant
correlation was found between the changes in VO2peak and
the modifications in IIEF score (r=0.575; P=0.001).
Conclusion. Exercise training in ED patients treated
with PDE-5 inhibitors is of added valuesincefurther improves ED, as evaluated by IIEF score, and increases functional capacity.
Keywords: erectile dysfunction, exercise training, metabolic
syndrome, phosphodiesterase-5, erectile dysfunction therapy.
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Introduction
Erectile dysfunction (ED) affects about 50% of
males aged 40-70 years old, and is in this age
range one of the most important aspectaffecting
quality of life [1]. ED shares with atherosclerotic
disease several common risk factors, such as hypertension, hypercholesterolemia, obesity or
sedentary habits, diabetes and cigarette smoking
[2-5]; therefore, ED is a surrogate marker of atherosclerotic disease [6]. Phosphodiesterase-5 inhibitorsare well known pharmacologic agents ca-

pable of significant improvement in ED [7]. Recent studies, including some small randomized
controlled trials and one meta-analysis [8] have
demonstrated that alsolife-style changes, including exercise and/or diet, alone or in combination,
have a favorable effect on ED and cardiovascular
riskfactors in patients with ED and impairedcardiovascular risk profile [8-11]. In particular, exercise training, alone or as core component of cardiac rehabilitation programs,exerts beneficial effects on cardiovascular system, including an improvement in vascular endothelial function [12-14],
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global atherosclerotic risk profile [15], beta-receptor signaling [16, 17], free radical expression [18],
inflammation [19], cardiovascular functional capacity [20-24] and other several cardiovascular
outcomes [25, 26]. However, only 2 studies analyzed separately the effect of an exercise intervention on ED in patients with obesity [9] or hypertension [11], both showing significant although
modest improvement in ED.Moreover, in none of
these studies the studypatient population was on
therapy with PDE-5 Inhibitors. Hence, the potential additive effects of exercise training in patients
with ED who arealready on PDE-5 inhibitors are
still unknown.Therefore, in this study we evaluated whether exercise training is capable of a further improvement in ED in patients who are already on PDE-5 inhibitors.
Methods
Study population and protocol
Twenty male patients affected by ED andmetabolic syndromeaddressed to a firstout-patient evaluation at the urological ambulatory (age 68.5 ±3.2
years)were enrolled into the study. Exclusion criteria were: inducible ischemia at the routine stress
testing, previous cardiovascular event, known
coronary artery disease ornon-organic ED (psychogenic, iatrogenic, etc.). At baseline, all patients
underwent Cardio-Pulmonary Exercise Test
(CPET) and International Index of Erectile Function (IIEF) test, a validated test for the evaluation
of ED [27]. Tadalafil 5 mg/die (Cialis®; Eli Lilly,
Indianapolis, Indiana, USA) was administeredfor
treating ED at patient enrollment. After the initial
evaluation,patients were subdividedinto two
groups: a T group (n = 10 patients) was treated
with tadalafil 5 mg/die (Control Group), whereas a
T/E group (n = 10 patients) was treated with
tadalafil 5 mg/die and was enrolled in a 2-month
structured exercise training program (Training
Group). Demographic and cardiovascular risk profiles of the study populationwere given in Table 1:

there were no significant differences between the
two groups at baseline.According to the 2005
AHA/NHLBI scientific statement, all patients satisfied the diagnostic criteria for metabolic syndrome [28]. Structured exercise training programwas carried out on a hospital outpatient-based
regimen. The training program consisted on 3 exercise sessions per week under continuous electrocardiographic monitoring and undersupervisionof
a cardiologist and a physiotherapist. Each session
was preceded by a 5-min warm-up and followed by
a 5-min cool-down. Exercise was performed for 30
min on a bicycle ergometer or on a treadmill with
the heart rate target of 65% of the maximal oxygen
consumption (VO2peak) achieved at the initial cardiopulmonary exercise test. The heart rate was
monitored by a wearable device. Exercise workload was gradually increased until the achievement
of the predefined target. The T group received only
generic information on the usefulness of exercise.
After 2 months, all patients repeatedthe CPET and
the IIEF.
Cardiopulmonary Exercise Test (CPET)
All patients performed an incremental wattramp symptom-limited cardiopulmonary exercise
test protocol on a bicycle ergometer. Before each
test, oxygen and carbon dioxide analyzers and a
flow mass sensor were calibrated by use of available precision gas mixtures and a 3-liter syringe, respectively. To stabilize gas measurements, patients
were asked to remain still on the ergometer for at
least 3 min before starting exercise. After1-min
warm-up period at 0 Watt workload, a ramp protocol of 15 Watt/min was started and continued until
exhaustion. The pedaling was kept constant at 55-65
revolutions per minute. A 12-lead electrocardiogram was monitored continuously during the test,
and arm blood pressure was manually recorded
every 2 min. Respiratory gas exchange measurements, that is minute ventilation (VE), oxygen consumption (VO2) and carbon dioxide production
(VCO2), were obtained breath by breath with the

Table 1. - Demographic and cardiovascular risk profile of the study population
Total
Population
(n = 20)

Tadalafil
Group
(n = 10)

Tadalafil + Exercise
Training Group
(n = 10)

P value
(between
groups

Age (years)

68.5 ± 3.2

68.0 ± 3.6

69.0 ± 2.8

0.498

Systolic Blood Pressure (mmHg)

138.7 ± 4.1

139.5 ± 4.4

137.9 ± 3.9

0.401

Diastolic Blood Pressure (mmHg)

90.7 ± 5.5

90.0 ± 5.3

91.4 ± 5.8

0.580

Glycemia (mg/dL)

107.0 ± 7.9

107.8 ± 8.5

106.1 ± 7.5

0.641

Total Cholesterol (mg/dL)

214.5 ± 21.3

212.2 ± 21.6

216.8 ± 21.9

0.641

LDL Cholesterol (mg/dL)

145.4 ± 21.2

143.1 ± 21.0

147.7 ± 22.2

0.634

HDL Cholesterol (mg/dL)

32.9 ± 4.7

32.8 ± 5.1

32.9 ± 4.5

0.963

Triglycerides (mg/dL)

181.3 ± 16.6

181.7 ± 19.1

180.8 ± 14.8

0.908

Waist circumference (cm)

103.2 ± 3.8

102.5 ± 3.6

103.9 ± 4.0

0.418
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use of a computerized metabolic cart (Vmax 29C;
Sensormedics, Yorba Linda, California). VO2peak
was recorded as the mean of VO2 during the last 20
sec of the test, evidenced by a failure for VO2 to increase further despite an increase in work rate, and
was expressed in millimeters per kilogram per
minute. At the end of the cardiopulmonary exercise
test, patients were asked to identify the primary reason for stopping. Peakoxygen consumption
(VO2peak) and oxygen consumption at anaerobic
threshold (VO2AT) were measured and compared
with maximal predicted VO2 by use of a sex-, age-,
height-, and weight-adjusted and protocol specific
formula; and ventilatory anaerobic threshold (AT)
was detected by use of the V-slope methodas detailed elsewhere [29, 30]. The VE vs. VCO2 relationship was measured by plotting VE against
VCO2 obtained every 10 sec of exercise
(VE/VCO2slope); both VE and VCO2 were measured in liters per minute. The VE/VCO2slope was
calculated as a linear regression function, excluding
the nonlinear part of the relationship after the onset
of acidotic drive to ventilation.
International Index of Erectile Function (IIEF)
The International Index of Erectile Function
test represents an efficient and useful tool for the
multidimensional assessment of the sexual function in male population [27]. In 1999it was recommended as a primary endpoint by the “First International Consultation on Erectile Dysfunction” and
sponsored by the World Health Organization for
the diagnostic evaluation of ED. It consists of a
validated and reliable 15-item questionnaire that is
self-administered by the patient himself. It addresses the relevant domains of male sexual function (that is, erectile function, orgasmic function,
sexual desire, intercourse satisfaction, and overall
satisfaction), is psychometrically sound, and has
been linguistically validated in 32 languages. Erectile function is explored by the questions 1, 2, 3, 4,
5 and 15, with an overall score of 30. These questions are able to quantify the degree of erectile dysfunction, which may be classified as: severe (6-10
score), moderate (11-16), mild (17-25) or normal
(26-30) (see Table 2).
Statistical analysis
Data are expressed as percentages for discrete
variables and mean± standard deviation for continuous variables. Comparisons between groups at
randomization were performed by unpaired t test,

Table 2. - Classification of ED depending on IIEF test
results
IIEF Test Score

ED Classification

6 - 10

SEVERE

11 - 16

MODERATE

17 - 25

MILD

26 - 30

ABSENCE OF ED

χ2 or Fisher’s exact test as required. The distribution of continuous variables was analyzed by Kolmogorov-Smirnov test of normality. The comparison between the control and the experimental
group in biochemical and ventilatory function data
was performed by the Student’s t test for paired
data. The bivariate correlations procedure was used
to compute Pearson’sor Spearman’s correlation coefficients. A p value <0.05 was considered statistically significant. All statistical analyses were performed using the software package SPSS, version
15.0 (SPSS Inc., Chicago, IL, USA).
Results
The results of CPET and of the IIEF are shown
in Table 3. Both groups showed an improvement of
the IIEF score: groupT remained within the moderate degree ED score (11.2 vs 14.2 score, P = 0.02);
whereas group T/E, undergoing 2 monthsmedical
therapy plus exercise training showed a significant
improvement in IIEF score shifting from a basal
moderate ED to a mild impairment (10.8 vs 20.1
score, P< 0.0001) (Fig. 1 and Table 3). Furthermore,
the percentage enhancement of the IIEF score was
40% in the T group and 100% in the T/E group, revealing a statistically significant difference between
the two groups at the end of the 2 months treatment
(p<0.001 between the 2 groups at 2-months results).The improvement of oxygen consumption at
peak exercise (VO2peak) was statistically significant
only in the T/E group patients (VO2peak = 13.41 ±
2.97 vs 16.58 ± 3.17 mL/kg/min; P = 0.006);
whereas in the T group (controls) the VO2peak improvement was not significant (VO2peak = 13.63 ±
2.03 vs 14.24 ± 2.98 mL/kg/min; P = 0.521). In addition, in the entire study population, a significant
positive correlation (r = 0.574; P = 0.001; Fig. 2)
was found between ΔVO2peak and ΔIIEF. However,
after 2 months, T/E group patients did notshowa significant improvement of the metabolic risk profile
(Table 4).

Table 3. - CPET and IIEF test results
Tadalafil
group
(n = 10)

Tadalafil + exercise
training group
(n = 10)

VO2peak
(Basal; mL/kg/min)

13.63 ± 2.03

13.41 ± 2.97

VO2peak
(After 2 months;
mL/kg/min)

14.24 ± 2.98

16.58 ± 3.17

0.521

0.006

IIEF Test Score
(Basal)

11.2 ± 2.1

10.8 ± 2.0

IIEF Test Score
(After 2 months)

14.2 ± 2.2

20.1 ± 2.3

0.01660

< 0.00001

P value

P value
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Figure 1. - IIEF Test Score in both Groups (T group: P=0.01660; T/E group: P<0.00001).
(T Group:
(T/E Group:

basal: 11.2 ± 2.1
basal: 10.8 ± 2.0

2th month: 14.2 ± 2.2)
2th month: 20.1 ± 2.3)

Figure 2. - Correlation between changes in DIIEF score (x) vs. changes in DVO2peak(y) in the entire study population(n=20; r=0.575; P=0.001).

Discussion
The most important observation of our study
was that, in addition to the expected improvement
of ED in patients on Tadalafil only, the improvement of the ED was markedly increased in patients
180

who practiced exercise training and were already on
Tadalafil therapy. Indeed, the IIEF test significantly
improved in the T/E group patientscompared to the
T group. The association between the implementation of a training program and the improvement of
the erectile function in this patient population is
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Table 4. - Cardiovascular risk profile at baseline and after 2 months
Tadalafil
Group
(Baseline)

Tadalafil
Group
(After 2 months)

P Value

Tadalafil + Exercise
Training Group
(Baseline)

Tadalafil + Exercise
Training Group
(After 2 months)

P Value

Systolic Blood
Pressure (mmHg)

139.5 ± 4.4

137.5 ± 5.0

0.141

137.9 ± 3.9

136.0 ± 4.1

0.184

Diastolic Blood
Pressure (mmHg)

90.0 ± 5.3

87.8 ± 6.2

0.211

91.4 ± 5.8

89.5 ± 6.0

0.076

Glycemia
(mg/dL)

107.8 ± 8.5

108.9 ± 9.6

0.712

106.1 ± 7.5

104.7 ± 6.4

0.618

Total Cholesterol
(mg/dL)

212.2 ± 21.6

208.2 ± 26.0

0.558

216.8 ± 21.9

210.9± 20.3

0.206

LDL Cholesterol
(mg/dL)

143.1 ± 21.0

136.8 ± 26.5

0.412

147.7 ± 22.2

143.5± 19.5

0.367

HDL Cholesterol
(mg/dL)

32.8 ± 5.1

32.7 ± 5.9

0.868

32.9 ± 4.5

33.9 ± 4.0

0.317

Triglycerides
(mg/dL)

181.7 ± 19.1

193.5 ± 23.8

0.168

180.8 ± 14.8

177.7 ± 19.4

0.545

Waist circumference
(cm)

102.5 ± 3.6

103.4 ± 4.1

0.487

103.9 ± 4.0

103.3 ± 4.3

0.217

also suggested by the significant correlationamong
the changes in IIEF test score and in the VO2peak in
the T/E group after two months of exercise training.
At the present, there are not literature clarifying the
mechanism(s) of the additional benefit of exercise
training on the erectile dysfunction in patients already on PDE-5 inhibitors therapy. In the metaanalysis by Gupta et al. [8], showing a beneficial
effect of life style changes on ED, only 2 of the included studies analyzed separately the effect of an
exercise intervention only on ED in patients with
obesity [9] or hypertension [11], both showing only
modest improvement in ED. However, in none of
these studies the included patient population was on
PDE-5 inhibitors. Therefore, we could not exclude
that the beneficial effect of exercise training in
these two studies would not be observed in other
patients already on PDE-5 inhibitors. On the opposite, in our patients we foundan incremental value
of exercise training on EDimprovement. Interestingly, the mean increment in IIEF score of 4.0 with
exercise in the paperby Esposito et al. [31] and of
3.6 in the paperby Lamina et al. [11] are similar to
the additional value of 5.9 observed in our study as
the added value of exercise training on ED score in
our patients assuming tadalafil. To this regard, it
must be underscored that only the association of
tadalafil and exercise training increased the IIEF
score in our patients with baseline moderate ED by
a value (mean 9.3 increment) to be considered as
clinically relevant (i.e. 5 points improvement in
IIEF score) [32], while the mean score increase
of3.0 in the tadalafil group was not sufficient to
achieve this goal.Therefore, our study underlines
that the synergic action of a structured program of
exercise training added to the pharmacological therapy with tadalafil in patients with a chronic moder-

ate ED could amplify the pharmacological effect of
the PDE-5 inhibitor. This magnified effect could
improve ED up toclinical relevant values.
In addition to the effects on ED, exercise training also induced a global improvement in functional
capacity, expressed as an increase of the oxygen
consumption at peak exercise (VO2peak), which represents a strong prognostic predictor of cardiovascular disease and death [33], in this case not accompanied by an improvement of the cardiovascular risk
profile, probably due to the very small number of
study patients.The mechanisms underlying the
favourable effects of exercise training include an
improvement of vascular endothelial function, a reduction of peripheral resistances and an increase of
the O2 consumption by the peripheral muscles [13].
The significant correlation found between exerciseinduced changes in IIEF score and in VO2peak suggests that common mechanisms, such as an improvement in vascular endothelial function, are at
the base of the favorable improvement of these parameters.In fact, ED represents an early sign of endothelial dysfunction and arterial stiffness [34]. The
PDE-5 inhibitors are pharmacological agents able to
augment the NO/cGMP pathway and to determine
dilationof the smooth muscle [37]. Previously, the
peripheral vasodilatation mediated by the action of
PDE-5 inhibitorshas been identified as the main factor enhancing VO2peak in patients with chronic heart
failure [38, 39]. and in patients with metabolic syndrome [40]. However, as in our study tadalafil alone
did not led to a significant increase of the VO2peak,
we suggest that the pharmacological effect of the
PDE-5 inhibitors on this essential functional parameter is particularly evident in chronic heart failure
patients,who present a severe compromise ofsystemic and pulmonary hemodynamicsand of en181
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dothelial function. On the contrary, in patients with
metabolic syndrome and without cardiovascular
structural disease, such as those included in our
study,VO2peakwas not significantly affected by
PDE-5 inhibitors. In this patient population exercise
training becomes of remarkable importance in improving cardiovascular capacity.

12.

Conclusions

14.

Structured exercise training in patients with ED
and on PDE-inhibitors is of added valuefor improvingED compared to PDE-5 inhibitors therapy
alone. Future trialsare mandatory in order to confirm
the additional benefits of exercise training in a largerED population and to establish the global benefit
of these programs in ED patient.
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